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Abstract 
In order to overcome limitations of solar heating, great improvements in seasonal heat storage are required. Adequate heat 
storage is achieved by: reducing time dependent thermal losses, reducing storage volume, and allowing easy adjustment of 
storage geometries to enable building retrofitting.  
To this purpose much theoretical and practical work has been done at Empa, including a laboratory scale proof of concept of an 
aqueous sodium hydroxide based seasonal thermal storage.  
This storage concept is based on a continuous, but not full cycle, liquid state absorption heat pump. Heat is not directly stored; 
instead the potential to regain heat at a desired temperature from a low temperature thermal input is stored. The main benefit is 
that there are no capacity losses during storage time. For this reason there is great potential in the application of the closed 
sorption heat storage system for long term solar heat storage. Due to the losses encountered during charging/discharging 
(efficiency of the heat and mass exchanger), the concept is less suitable for short term heat storage. Therefore a hybrid system is 
proposed, consisting of hot water tanks for short term storage and closed sorption heat storage for seasonal storage. 
In the scope of the EU funded project COMTES a prototype aqueous sodium hydroxide seasonal thermal storage system is 
under construction. The system is dimensioned to cover space heating as well as domestic hot water in a single family house 
built to passive energy standards and located in the region of Zurich.  
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1. Introduction 
InDecember 2008 the European Council agreed to implement the 20-20-20 target. The goal is to reduce 
greenhouse gas emissions by 20 %, increase the energy efficiency by 20 % and reach 20 % renewable energy in 
the total energy consumption in the EU by the year 2020 [1]. In May 2011, the Swiss Federal Council decided a 
nuclear power phase-out by not extending running time or building new nuclear power plants. The first power 
plant will stop operation in 2019, the last in 2034 [2]. In order to master these demanding steps increased use and 
consequently the storage of renewable energy becomes essential. This is the case for renewable energy in the form 
of electricity as well as heat. In Switzerland 37 % of all consumed energy is used for space heating and domestic 
hot water [3]. The efficient storage of heat has tremendous potential to enable the covering of this demand from 
solar source. Towards this objective much work has been done at EMPA based on the concept of sorption heat 
storage operating on sodium hydroxide and water.  
In sorption heat storage, heat is stored by separation of substances [4, 5]. To retrieve heat, the substances are 
recombined. Empa’s closed sorption heat storage functions as a continuous but not full cycle liquid state 
absorption heat pump [6]. The process operates under exclusion of non-condensing gasses.No thermal insulation is 
required for the storage tanks. 
The operating principle is as follows; two chambers are connected as shown in Fig. 1. Chamber 1 functions as 
desorber as well as absorber and contains the sorbent, aqueous sodium hydroxide. Chamber 2 is the 
condenser and evaporator, containing the sorbate, water.The reversible chemical reaction is: 
 
NaOH . (m+n)H20 + heat  ֞NaOH . mH20 + nH2O (1) 
 
 
Fig. 1. The concept of the closed sorption heat pump based heat storage. 
The system is facilitated with storage vessels to contain the working pair in its separated as well as combined 
state. Rather than directly storing heat, this concept makes use of storing the potential to regain heat at a desired 
temperature from a low temperature heat source. In addition to achieving an increase in volumetric energy density 
compared to hot water storage, the closed sorption heat storage system has the notable benefit of not suffering heat 
capacity loss during storage. Thermal energy losses occur in the conversion processes at elevated temperatures, but 
not during storage at room temperature. This technology is thus highly attractive for seasonal solar heat storage. 
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Nomenclature 
T Temperature  
w Concentration 
Subindices 
A Absorber 
E Evaporator  
C Condenser 
D Desorber 
s Sorbent 
h high (wsh: solution with high sorbent concentration) 
l low (wsl: solution with low sorbent concentration) 
2. Performance 
Regeneration or charging occurs by supplying heat from a heat source such as solar collectors to chamber 1. 
There diluted sorbent is heated resulting in water vapor being driven from the sorbent to chamber 2, where it is 
condensed. The latent heat of evaporation as well as in part the specific heat of liquid water is then released to the 
environment. In this process chamber 1 and 2 function as desorber and condenser respectively.  
The process is temperature controlled so that the desired sodium hydroxide concentration in chamber 1 can be 
reached. The resulting concentration is directly dependent on the temperature difference of the temperature in 
chamber 2 (defining the reaction zone internal pressure)and the temperature in chamber 1(solution saturation 
temperature). In the whole plant, this concentration is limited to 50 wt% NaOH in H2O (due to crystallization 
issues at higher concentrations and at low temperatures). 
Both the resulting sorbent with high sodium hydroxide content and the water is stored separately. The liquids 
may then reach room temperature without potential loss, as long as reversed vapor transport is inhibited. The losses 
in storage are restricted to sensible heat loss of the liquids. These are approximately 15 % of the total charging 
energy required when considering that the sorbent temperature difference from charging to storing is 60 K. 
Potential in reducing the thermal losses exists by implementing a heat recovery between chamber 1 and the storage 
tanks.  
In heating or discharging mode, chamber 1 and 2 function as absorber and evaporator respectively. Water is 
introduced to chamber 2 and evaporated by employing a low temperature heat source. Water vapor is thus driven 
from chamber 2 to chamber 1, where it is absorbed by the sorbent, releasing the latent heat of evaporation as well 
as the heat of solution at a ratio of approximately 10 to 1 respectively. Due to the high affinity of water to sodium 
hydroxide, vapor is readily absorbed by the sorbent whereby a temperature increase results. 
The output temperature TAout depends on the sodium hydroxide content in the sorbent wsh entering chamber 1 as 
well as the output temperature TEout of chamber 2. Figure 2 illustrates this. 
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Fig. 2. The output temperature TAoutversus the sodium hydroxide concentration and the evaporator temperature TEout. 
In respect to the heating capacity the parameter of interest is the change in sodium hydroxide concentration Δws 
in the sorbent. Figure 3 shows the volumetric energy density versus the resulting dilution, starting at a 
concentration of 50 w% and based on the resulting diluted solution volume.  
 
 
 
Fig. 3. The volumetric energy density in respect to the starting concentration of 50 w% sodium hydroxide in water and the respective diluted 
concentration based on the diluted concentration volume. 
It can be concluded that the energy stored is a function of the initial concentration and the concentration 
decrease. In other words, the heat capacity stored is dependent on the quantity of water vapor mv transported. 
It follows that in order to determine the energy capacity of the closed sorption heat storage system the 
maximum sorbent dilution has to be found. This in turn depends on the temperature of the water entering the 
absorber TAin and the temperature of the thermal supply leaving the evaporator TEout. The difference between TAin 
and TEout must be as low as possible to achieve a high exploitation, and so reach a high capacity. The concentration 
difference of the working pair Δws is defined as the difference between wsl and wsh. If a concentration difference 
from 50 wt% to 25 wt% is reached, then the resulting volumetric energy density of the diluted sorbent is 
approximately 440 Wh/l not taking efficiency losses into count. Thus an energy density of the liquid of more then 
5 times that of water can be reached. 
From the discussion it can be concluded that the output temperature and the storage capacity are based on the 
same parameters, namely TEout,TDin and TCin whereby the capacity additionally depends on TAin. 
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3. Prototype construction 
In the frame of the EU project COMTES (combined development of compact thermal energy storage 
technologies) a prototype system is under construction. The system consists of one reaction zone in form of a heat 
and mass exchanger functioning on the falling film concept. This heat pump is designed to have a thermal power 
output of approximately 8 kW.  
 
 
Fig. 4. The CAD drawing of the reaction zone. 
Connected to the heat pump are storage tanks to hold the sorbent and sorbate. The complete system is under 
water vapor atmosphere whereby all non-condensing gases are evacuated. For this reason and due to the highly 
corrosive concentrated sodium hydroxide all components are constructed of stainless steel grade 1.4404 (AISI 
316L). Gear pumps are employed to transport the fluids from the tanks to the heat pump and back.  
The system is facilitated with vacuum tube solar collectors to supply heat for charging. Figure 5 shows a 
simplified schematic of the prototype setup.  
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Fig. 5. The simplified schematic of the experimental setup. 
The system is designed in a hybrid fashion containing hot water tanks for short term storage and the sorption 
storage system for long term storage. It is built to enable numerous operating schemes. Figure 6 shows the system 
assembly with the sensible hot water storage tanks withblack insulation and the sorption storage tanks in gray, as 
well as the additional system components to the left of the tanks. The system has a sensible tank volume of 3 x 
1000 l and a sorption capacity of 1500 l diluted sorption. The tank volume for concentrated sorbent and sorbate is 
also 1500 l each. This is momentarily oversized in order to enable a simple doubling of the sorption capacity by 
adding an additional tank for diluted sorbent. The spacious prototype setup covers an area of approximately 15 m2 
with a height of 2.3 m. Calculations have shown that 6000 l of diluted sorbent are required in order to reach 100 % 
solar fraction for a single family passive energy building located in Zurich. This would require a system extension 
from 3 to 7 tanksresulting in a prototype system area of approximately 19 m2 or a volume of 43 m3. For a 
commercial system many volumetric improvements are still feasible.Thus,a reduction to a volume of15 m3 or less 
for the complete hybrid system is possible.The sorption storage facility in such an improved system would have a 
volume of approximately 8 m3 and a systemvolumetric energy density of 330 Wh/l not taking conversion 
efficiencies into account. Thus the sorption energy density remains at approximately 5 times that of water when 
assuming a volumetric energy density of 65 Wh/l for a sensible water storage system. Beyond this it must be noted 
that there are no losses during storage time. 
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Fig. 6. CAD drawing of the hybrid system. 
In the conventional operating mode heat from the solar collectors is initially transferred to the hot water tanks. 
Priority is always the DHW tank followed by the SH and the Buffer tanks. Each tank is heated separately. Once all 
three tanks have reached a set minimum temperature point following the same list of priority they will be heated to 
a maximum temperature. Once this is reached further heat from the collectors is used to charge the sorption storage 
system. Depending on the weather forecast heat from the SH and the Buffer tank may be transferred to the sorption 
storage system at night. In this way the SH and Buffer tank function as a buffer during high solar supply and 
guaranty sufficient heat capacity for DHW to cover days of insufficient solar radiation especially in spring and 
autumn.  
In principle the same mode is followed in winter. The hot water tanks are always primarily heated from the 
solar collectors. If this is not possible, the sorption heat storage system is employed to supply heat at the required 
temperatures from a low temperature heat source. This source is either the buffer tank or the geothermal heat 
exchanger depending on which has the higher supply temperature and how high the required temperature level at 
the outlet of the absorber(TAout) is. With this approach solar harvesting at low temperatures is possible. Figure 7 
shows the prototype system built into and onto a shipping container. With this approach high testing flexibility is 
possible.  
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Fig. 7. CAD drawing of the system built into and onto a shipping container. 
4. Conclusion and outlook 
The basic concept of the closed sorption heat storage based on sodium hydroxide and water is presented. The 
potential and limitations of the heat storage concept are discussed and the operating scheme presented. A fully 
operating prototype able to supply all heat requirements of a single family house is under construction. This 
prototype is superior to the conventional hot water storage in both energy density as well as system geometries. 
The running storage development is part of the COMTES collaborative project. 
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